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THEREOF

(57) A power supply device disposed on an aircraft
to provide a power to the aircraftis provided. The aircraft
has an average required power value. The power supply
device includes a secondary battery, a transformer and
a fuel cell. The transformer is coupled between the sec-
ondary battery and the aircraft. The fuel cell is coupled
to the aircraft and is adapted to provide a first output
current to the aircraft. The transformer has an output volt-
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age set value. When the first output end voltage of the
fuel cell is lower than the output voltage set value, the
transformer provides a second output current of the sec-
ondary battery to the aircraft. The output voltage setvalue
is in a voltage range with a fuel cell output power between
the maximum power value of characteristic curve of the
fuel cell and the average required power value of the
aircraft.
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Description
BACKGROUND OF THE DISCLOSURE
Field of the Disclosure

[0001] The disclosure relates in general to a power
supply device, a flying tool using the same and a power
supply method thereof.

Description of the Related Art

[0002] The powerrequirementofan ordinary flying tool
(such as multi-rotor drone) during the flight time is nor-
mally provided by a rechargeable battery. However, the
rechargeable battery (such as a lithium polymer battery),
under the constraint of limited space and weight, can only
supportthe flying tool to fly for less than an hour. In recent
years, the developers aim to dispose a fuel cell on the
flying tool. The fuel cell can transform hydrogen into a
large amount of energy which suffices to support the fly-
ing tool to fly for a longer time. Such design has the fol-
lowing advantages: the hydrogen fuel used in the fuel
cell possesses high energy density (generated energy
perunitweight, such as Wh/kg), and the generated power
can meet the power requirement of a longer flight time,
such that the flying tool can extend its flight distance.

[0003] However, since the fuel cell has a low power
density (generated power per unit weight, such as W/kg),
a large amount of fuel cells are needed to provide extra
power to resist the instant changes in the flight environ-
ment (for example, the sudden attack of the gust). The
increase in fuel cells has negative effects on the flying
tool: the weightisincreased and the flighttime is reduced.
[0004] Therefore, how to provide an efficient power
supply method to increase the flight time or length of the
flying tool has become a prominent task for the industries.

SUMMARY OF THE DISCLOSURE

[0005] Thedisclosure is directed to a power supply de-
vice, a flying tool using the same and a power supply
method thereof.

[0006] Accordingto an embodiment of the present dis-
closure, a power supply device is provided. The power
supply device is disposed on an aircraft to provide a pow-
er to the aircraft. The aircraft has an average required
power value. The power supply device includes a sec-
ondary battery, a first transformer and a fuel cell. The
first transformer is coupled between the secondary bat-
tery and the aircraft. The fuel cell is coupled to the aircraft
and is adapted to provide a first output current to the
aircraft. The first transformer has an output voltage set
value. When the first output end voltage of the fuel cell
is lower than the output voltage set value, the first trans-
former provides a second output current of the secondary
battery to the aircraft. The output voltage set value is in
a voltage range with a fuel cell output power between the

10

15

20

25

30

35

40

45

50

55

maximum power value of characteristic curve of the fuel
cell and the average required power value of the aircraft.
[0007] According to another embodiment of the
present disclosure, a flying tool is provided. The flying
tool includes an aircraft and a power supply device. The
power supply device is disposed on the aircraft to provide
a power to the aircraft. The aircraft has an average re-
quired power value. The power supply device includes a
secondary battery, afirst transformer and a fuel cell. The
first transformer is coupled between the secondary bat-
tery and the aircraft. The fuel cell is coupled to the aircraft
and is adapted to provide a first output current to the
aircraft. The first transformer has an output voltage set
value. When the first output end voltage of the fuel cell
is lower than the output voltage set value, the first trans-
former provides a second output current of the secondary
battery to the aircraft. The output voltage set value is in
a voltage range with a fuel cell output power between the
maximum power value of characteristic curve of the fuel
cell and the average required power value of the aircraft.
[0008] According to an alternate embodiment of the
present disclosure, a power supply method of a power
supply device is provided. The power supply device is
disposed on an aircraft. The power supply device in-
cludes a secondary battery, a first transformer and a fuel
cell. The secondary battery is coupled to the aircraft
through the first transformer having an output voltage set
value. The power supply method includes the following
steps. A first output current is provided to the aircraft by
the fuel cell. A second output current of the secondary
battery is provided to the aircraft by the first transformer
when the first output end voltage of the fuel cell is lower
than the output voltage set value. The output voltage set
value ranges between the maximum power value of char-
acteristic curve of the fuel cell and the average required
power value of the aircraft.

[0009] The above and other aspects of the disclosure
will become better understood with regards to the follow-
ing detailed description of the preferred but non-limiting
embodiment (s). The following description is made with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]
FIG. 1A is a functional block diagram of a flying tool
according to an embodiment of the present disclo-

sure.

FIG. 1B is a relationship chart of flight time vs power
requirement of the flying tool of FIG. 1A.

FIG. 1C is a characteristic curve chart of the fuel cell
of FIG. 1A.

FIGS. 2A to 2F are schematic diagrams of power
supply mode of the power supply device during the
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flight of the aircraft of FIG. 1A.

FIG. 3A is a schematic diagram of a flying tool ac-
cording to another embodiment of the present dis-
closure.

FIG. 3B is a characteristic curve chart of the fuel cell
of FIG. 3.

FIG. 4A is a schematic diagram of a flying tool ac-
cording to another embodiment of the present dis-
closure.

FIG. 4B is a schematic diagram of the setting mode
of the output voltage set value of the first transformer
and the input voltage set value of the second trans-
former of FIG. 4A.

FIG. 4C is another schematic diagram of the setting
mode of the output voltage set value of the first trans-
former and the input voltage set value of the second
transformer of FIG. 4A.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0011] For the objects, structures, technical features
and functions of the present disclosure to be more easily
understood by anyone ordinary skilled in the technology
field, a number of exemplary embodiments are disclosed
below with detailed descriptions and accompanying
drawings.

[0012] Referto FIG. 1Ato 1C. FIG. 1A is a functional
block diagram of a flying tool 1 according to an embodi-
ment of the present disclosure. FIG. 1B is a relationship
chart of flight time vs power requirement of the flying tool
1 of FIG. 1A. FIG. 1C is a characteristic curve chart of
the fuel cell 100 of FIG. 1A. The flying tool 1 includes a
power supply device 100 and an aircraft 10. The power
supply device 100 is disposed on the aircraft 10 to provide
a power to the aircraft 10. The aircraft 10 can be realized
by a drone, a transportation for cargo or a transportation
for passengers.

[0013] AsindicatedinFIG. 1A, the powersupplydevice
100 includes a fuel cell 110, a diode 115, a secondary
battery 120, a first transformer 130, a controller 140, a
first switch R1 and a second switch R2. The first trans-
former 130 is coupled to the secondary battery 120 and
the aircraft 10. The fuel cell 110 is coupled to the aircraft
10 to provide a first output current I, to the aircraft 10.
The aircraft 10 has an average required power value P,,.
The average required power value P,, is set according
to the flight mode of the aircraft 10, and is not subjected
to specific restrictions in the embodiments of the present
disclosure. The first transformer 130 has an output volt-
age set value Vg¢. When the first output end voltage Va
at the output end 110a of the fuel cell 110 is lower than
the output voltage set value Vg4, the first transformer 130
provides a second output current |, of the secondary bat-
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tery 120 to the aircraft 10.

[0014] As indicated in FIG. 1A, the first switch R1 and
the second switch R2 are electrically coupled between
(such as connected in parallel with) the output end 120a
of the secondary battery 120 and the output end 110a of
the fuel cell 110. The controller 140 can control the fuel
cell 110 to or not to charge the secondary battery 120 by
concurrently turning on/off the first switch R1 and the
second switch R2. The controller 140 is electrically cou-
pled to the output end 110a of the fuel cell 110 and the
output end 120a of the secondary battery 120 to detect
the first output end voltage Va and the second output end
voltage Vb. The controller 140 can determine the mag-
nitude of the first output end voltage Va of the fuel cell
110 and that of the second output end voltage Vb of the
secondary battery 120. When the first output end voltage
Va of the fuel cell 110 is equivalent to or higher than the
second output end voltage Vb at the output end 120a of
the secondary battery 120, the controller 140 concurrent-
ly turns on/off the first switch R1 and the second switch
R2 and cause the fuel cell 110 to charge the secondary
battery 120. When the first output end voltage Va of the
fuel cell 110 is lower than the second output end voltage
Vb of the secondary battery 12, the controller 140 con-
currently turns off the first switch R1 and the second
switch R2 and cause the fuel cell 110 not to charge the
secondary battery 120.

[0015] Besides, the diode 115 is coupled between the
fuel cell 110 and the first transformer 130 and is capable
of preventing the current of the secondary battery 120
from flowing to the fuel cell 110.

[0016] The operating (working) voltage of the fuel cell
110 ranges between the output voltage set value Vg
(that is, the operating voltage lower limit) and the oper-
ating voltage upper limit V¢ , (illustrated in FIG. 2A). In
an embodiment, the fuel cell 110 can be formed of several
fuel cell units (such as proton exchange membranes)
connected in series, wherein the operating voltage of
each fuel cell unit ranges between 0.608V and 0.692V.
The fuel cell 110 is formed of 72 fuel cell units connected
in series. The fuel cell 110 can provide an operating volt-
age ranging between 43.8V (such as the output voltage
set value Vg¢) and 49.8V (such as the operating voltage
upper limit Vg 5).

[0017] The secondary battery 120 can be realized by
a lithium battery. The operating voltage of the secondary
battery 120 ranges between the operating voltage lower
limitV|_¢ (illustrated in FIG. 2A) and the operating voltage
upperlimitV_, (illustratedin FIG. 2A). In anembodiment,
the secondary battery 120 can be realized by several
secondary battery units (such as lithium nickel manga-
nese cobalt (NMC) batteries), wherein the operating volt-
age of each secondary battery unit ranges between
3.65V and 4.15V. The secondary battery 120 is formed
of 12 secondary battery units connected in series. The
secondary battery 120 can provide an operating voltage
ranging between 43.8V (such as the operating voltage
lowerlimitV_ ;) and 49.8V (such as the operating voltage
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upper limit V).

[0018] In an embodiment, the operating voltage upper
limit V|, of the secondary battery 120 is substantially
equivalent to the operating voltage upper limit V¢ , of the
fuel cell 110, and the operating voltage lower limit V| ., of
the secondary battery 120 is substantially equivalent to
the output voltage set value Vg of the fuel cell 110 (such
as the operating voltage lower limit). In another embod-
iment, the operating voltage upper limit V| , of the sec-
ondary battery 120 is different from the operating voltage
upper limit Vi , of the fuel cell 110, and the operating
voltage lower limit V|, of the secondary battery 120 is
different from the output voltage set value Vg, of the fuel
cell 110.

[0019] The first transformer 130 can detect the node
voltage Vc at the node c located on the connection line
between the fuel cell 110 and the aircraft 10. Since the
voltage loss between the output end 110a of the fuel cell
110 and the node ¢ can be omitted, the node voltage Vc
detected by the first transformer 130 is substantially
equivalent to the first output end voltage Va at the output
end 110a of the fuel cell 110. In other words, when the
node voltage Vc detected by the first transformer 130 is
lower than the output voltage set value Vg, (thatis, when
the first output end voltage Va of the fuel cell 110 is lower
than the output voltage set value Vg), the first transform-
er 130 provides the second output current |, of the sec-
ondary battery 120 to the aircraft 10. Besides, the first
transformer 130 can be realized by a step-down(Buck)
converter. Thus, when the second output end voltage Vb
of the secondary battery 120 is higher than the output
voltage setvalue Vg4, the firsttransformer 130 step-down
the second output end voltage Vb of the secondary bat-
tery 120 to the output voltage set value Vg¢. In an em-
bodiment, the first transformer 130 can be realized by a
direct current to direct current (DC/DC) transformer.
[0020] Generally speaking, the efficiency of the first
transformer 130 is lower than 100%. Therefore, the sec-
ond output current I, will inevitable experience energy
loss after flowing through the first transformer 130. The
secondary battery 120 provides the second output cur-
rent |, to the aircraft 10 through the first transformer 130
only when the first output end voltage Va of the fuel cell
110 is lower than the output voltage set value Vg4. Since
the first output end voltage Va of the fuel cell 110 is not
lower than the output voltage set value Vg4, the second-
ary battery 120 does not provide the current to the aircraft
10. Thus, the energy loss which occurs when the current
flows through the first transformer 130 is reduced, and
the power consumption of the secondary battery 120 is
also reduced.

[0021] As indicated in FIG. 1B, the curve C1 denotes
the relationship between the operation period (for exam-
ple, when the aircraft is taking off, flying and landing) and
the power of the aircraft 10, wherein P,, denotes the
average required power value, and P, denotes the larg-
est required power value. Within the operation period T
of the aircraft 10, the average required power value P,
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is provided by the fuel cell 110, and the instant power
requirement between the average required power value
P,y and the largest required power value P is provided
by the secondary battery 120. In other words, the sec-
ondary battery 120 makes up the power deficiency of the
instant power requirement of the aircraft 10 (for example,
when the aircraft is making a turn or is resisting a gust).
In terms of the power (work/unit time) indicated in the
curve C1, the power provided by the fuel cell 110 amounts
to about 70% of the total power provided by the power
supply device 100, and the power provided by the sec-
ondary battery 120 amounts to about 30% of the total
power provided by the power supply device 100. In an
embodiment, the operation period T of the aircraft 10 is
500 seconds, and the total power provided by the power
supply device 100 during the operation time is about 2300
watts (W). The power provided by the fuel cell 110 is
about 1600W, and the power provided by the secondary
battery 120 is about 700W.

[0022] In the preset embodiment, in terms of energy
(thatis, the integral area under the curve C1), the energy
provided by the fuel cell 110 amounts to about 93.75%
of the total energy provided by the power supply device
100, and the power provided by the secondary battery
120 amounts to about 6.25% of the total power provided
by the power supply device 100. In an embodiment, the
total power during the operation time of the aircraft 10 is
about 320Wh, wherein the power provided by the fuel
cell 110 is about 300Wh, and the power provided by the
secondary battery 120 is about 20Wh. Suppose the effi-
ciency of the first transformer 130 is 95%. The power
provided by the secondary battery 120 drops to 19Wh
(20Whx0.95) after flowing through the first transformer
130. Since the power provided by the fuel cell 110 does
not flow through the first transformer 130, no energy loss
will occur (the efficiency is 100%), and the power provid-
ed to the aircraft 10 by the fuel cell 110 can substantially
be viewed as 300Wh. Thus, in terms of the power supply
device 100, the overall efficiency of energy transmission
can reach as high as 99.7% (formula:
(300x100%+20x95%)/320=99.7%).

[0023] As disclosed above, the secondary battery 120
provides the second output current |, to the aircraft 10
only when the first output end voltage Va of the fuel cell
110 is equivalent to or lower than the output voltage set
value Vgq; meanwhile, the fuel cell 110 provides the first
output current I, to the aircraft 10. Since the first output
end voltage Va of the fuel cell 110 is not lower than the
output voltage set value Vg4, the secondary battery 120
does not provide the currentto the aircraft 10 (the energy
loss which would otherwise occurs when the current
flows through the first transformer 130 will not occur),
and the overall efficiency of energy transmission of the
power supply device 100 is increased.

[0024] The power supply device of the presentembod-
imentis adapted to the situation when the base load ratio
is high. For example, when the base load ratio is higher
than 50%, the fuel cell 110 has the advantage of high
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energy density, and therefore can be used as the main
power supplier to provide power supply for the base load.
Since the fuel cell 110 cannot instantly increase power
supply, the secondary battery 120 having high power
density is used to provide extra power supply when the
requirement of power supply for the load instantly in-
creases.

[0025] The determination of the output voltage set val-
ue Vg4 is disclosed below.

[0026] FIG. 1C is a characteristic curve chart of the
fuel cell 110 which includes a voltage curve (illustrating
the current vs voltage relationship) and a power curve.
As indicated in FIG. 1C, the output voltage set value Vg,
is a point at the voltage curve of the characteristic curve
chart. The output voltage set value Vg is a voltage value
corresponding to the range AP between the maximum
power value P, of characteristic curve of the fuel cell
110 and the average required power value P, of the
aircraft 10. Suppose the output power Pg, of the fuel cell
110is greater than the average required power value P,
of the aircraft 10. If the power requirement of the aircraft
10 at a particular time point during the flight is lower than
the average required power value P, then the fuel cell
110, apart from meeting the flight power requirement, will
have extra power to charge the secondary battery 120
to replenish the power consumed when the power re-
quirement of the aircraft 10 is greater than the output
power Pg4 of the fuel cell 110. Then, in the following flight
time, the secondary battery 120 will have sufficient ca-
pacity to make up the power deficiency of the fuel cell
110 when the instant power requirement of the aircraft
10 is again greater than the output power Pg4 of the fuel
cell 110.

[0027] AsindicatedinFIG.1C,the verticalline L1 pass-
es through the maximum power value P,,,. The fuel cell
correspondingly outputs a voltage VP and an output cur-
rent Ip. As the output voltage set value Vg4 moves right-
ward and gets closer to the vertical line L1, the energy
loss of the fuel cell 110 increases and the efficiency of
the fuel cell 110 decreases. At the average required pow-
er value P, the fuel cell 110 outputs a voltage V4 and
a current |, wherein the output voltage set value Vg
ranges between the voltage Vp and the voltage Vq. As
the output voltage set value Vg4 moves leftwards and
gets away from the vertical line L1, the fuel cell 110 out-
puts a larger voltage and has a higher efficiency, but the
output current decreases and the output power Pg4 also
decreases. Due to the above feature, the fuel cell 110
will have less capacity to charge the secondary battery
120 after providing required power to the aircraft 10.
Therefore, after providing required power to the aircraft
10, the secondary battery 120 needs a longer duration
to restore its capacity to the safety level. In response to
the change in the flight environment and situations, the
secondary battery 120 must have a sufficient allowance
to meet the continuous power requirement of the aircraft
10 (for example, when the aircraft 10 is continuously
climbing or accelerating). The smaller the output power
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P44 of the fuel cell 110, the slower the buildup ofthe SOC.
If the secondary battery 120 is large, the fuel cell 110 will
have more time to restore the SOC of the secondary bat-
tery 120 to the expected safety level.

[0028] Referring to FIGS. 2A to 2F, schematic dia-
grams of power supply mode of the power supply device
during the flight of the aircraft 10 of FIG. 1A are shown.
The horizontal axis denotes the voltage state of the sec-
ondary battery 120, and the vertical axis denotes the volt-
age state of the fuel cell 110. The change in the first
output end voltage Va of the fuel cell 110 is denoted with
a bold dotted line, and the change in the second output
end voltage Vb of the secondary battery 120 is denoted
with a bold solid line.

[0029] As indicated in FIG. 2A, before the aircraft 10
takes off, the first output end voltage Va of the fuel cell
110 is at point A and is in an initial state, and the second
output end voltage Vb of the secondary battery 120 is at
point A and is in an initial state. In the initial state, since
the fuel cell 110 has not yet been activated, the first output
end voltage Va of the fuel cell 110a is 0. As indicated in
FIG. 2A, in the initial state, the initial voltage of the sec-
ondary battery 120 is V|_,, which is the voltage of full
capacity or more than 90% of full capacity of the second-
ary battery 120.

[0030] Referto FIG. 2A. During the start-up stage O,1,
the aircraft 10 starts to operate, and the secondary bat-
tery 120 provides a second output current |, to meet the
power requirement (the load) of the aircraft 10 atthe initial
stage of operation of the aircraft 10 (for example, when
the aircraft 10 starts to rotate its blades). By doing so,
the second output end voltage Vb of the secondary bat-
tery 120 will drop (the state of charge (SOC) will drop),
for example, drop to the voltage V| , at the state point B
from the voltage V|_, atthe state point A. During the start-
up stage O,1, the fuel cell 120 starts to operate, and the
first output end voltage Va continue to increase, for ex-
ample, to the voltage Vg, at the state point B from the
initial voltage at the state point A (nearly 0). However,
since the first output end voltage Va of the fuel cell 110
(the voltage at the initial stage of operation) is lower than
the node voltage Vc (the output voltage) of the first trans-
former 130, the diode 115 is in a reverse bias state, and
the first output current |, still cannot flow through the di-
ode 115 (and therefore cannot be provided to the aircraft
10). In other words, in the start-up stage O,1, the power
requirement of the aircraft 10 can only be provided by
the secondary battery 120.

[0031] Refer to FIG. 2B. During the no power supply
provided by the secondary battery stage O,2, when the
first output end voltage Va of the fuel cell 110 continue
to rise until it exceeds the output voltage set value Vg,
(corresponding to the state point B), the first transformer
130 stops providing the second output current |, to the
aircraft 10 and causes the secondary battery 120 to stop
outputting current to the aircraft 10, such that currentloss
which would otherwise occur when the current flows
through the first transformer 130 can be avoided. During
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the no power supply provided by the secondary battery
stage O,2, the second output end voltage Vb of the sec-
ondary battery 120 can remain the level of the voltage
V| p at the state point B, and the first output end voltage
Va of the fuel cell 110 can change according to the
change in the level of the power requirement of the air-
craft 10 as indicated in the upward or downward arrow
illustrated in the no power supply provided by the sec-
ondary battery stage O,2.

[0032] Refer to the upward arrow of the no power sup-
ply provided by the secondary battery stage O,2 as indi-
cated in FIG. 2B. Since the power requirement of the
aircraft 10 is not a large amount (for example, when the
aircraft 10 is warming up), the power generated by the
fuel cell 110, apart from meeting the power requirement
of the aircraft 10, can further cause the first output end
voltage Va to rise. Refer to the downward arrow of the
no power supply provided by the secondary battery stage
O,2asindicated in FIG. 2B. When the power requirement
ofthe aircraft 10 increases (for example, when the aircraft
10 is ready to take off and the rotation of the blades ac-
celerates), the first output current I, provided to the air-
craft 10 by the fuel cell 110 increases and causes the
first output end voltage Va of the fuel cell 110 to drop.
[0033] Refer to the auxiliary power supply provided by
the secondary battery stage O,3 as indicated in FIG. 2C.
Since the power requirement of the aircraft 10 increases
(for example, when the aircraft needs a large amount of
instant power to make a turn or resist a gust), the first
output end voltage Va of the fuel cell 110 drops to the
output voltage set value Vg4. Meanwhile, the power pro-
vided by the fuel cell 110 is insufficient for the aircraft 10,
therefore the second output current I, generated by the
secondary battery 120 is provided to the aircraft 10
through the first transformer 130 to make up the power
deficiency of the fuel cell 110. During the auxiliary power
supply provided by the secondary battery stage O, 3, the
fuel cell 110 and the secondary battery 120 concurrently
provide the required power to the aircraft 10.

[0034] Refer to the no power supply provided by the
secondary battery stage O,4 as indicated in FIG. 2D.
After the power requirement of the aircraft 10 drops to
the basic power usage (for example, when the aircraft
10 hovers stably in the air) following a rise, the first output
current |, provided to the aircraft 10 by the fuel cell 110
decreases and causes the first output end voltage Va to
rise as indicated in the upward arrow of FIG. 2D. When
the first output end voltage Va of the fuel cell 110 rises
to the same level as that of the second output end voltage
Vb of the secondary battery 120 (that is, the state point
C), the fuel cell 110 starts to charge the secondary battery
120 as indicated in the charging stage O,5 of FIG. 2E.
As indicated in FIG. 2D, the curve C2 denotes that the
first output end voltage Va of the fuel cell 110 is the same
as the second output end voltage Vb of the secondary
battery 120, and the state point C is on the curve C2.
[0035] Inanembodiment,the step forcharging the sec-
ondary battery 120 can be determined by the controller
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140. For example, the controller 140 (illustrated in FIG.
1A)is configured to: (1) determine whether the first output
end voltage Va of the fuel cell 110 is equivalent to or
higher than the second output end voltage Vb of the sec-
ondary battery 120; (2) if yes, control the first switch R1
and the second switch R2 to be concurrently conductive
and cause the fuel cell 110 to charge the secondary bat-
tery 120.

[0036] RefertoFIG.2E.Duringthe chargingstage O,5,
since the power requirement of the aircraft 10 is low (for
example, when the aircraft 10 hovers stably in the air),
the first output end voltage Va of the fuel cell 110 and
the second output end voltage Vb of the secondary bat-
tery 120 continues to rise until the SOC of the secondary
battery 120 is full, such as reaches the state point E.
Meanwhile, the fuel cell 110 stops charging the second-
ary battery 120;. Or, when the second output end voltage
Vb of the secondary battery 120 reaches the state point
D, if the power requirement of the aircraft 10 instantly
rises (for example, when the aircraft needs a large
amount of instant power to make a turn or resist a gust),
the fuel cell 110 needs to increase the current provided
to the aircraft 10 and cause the first output end voltage
Va of the fuel cell 110 to drop as indicated in the down-
ward arrow of the no power supply provided by the sec-
ondary battery stage O,6 of FIG. 2F. In the no power
supply provided by the secondary battery stage O,6, the
fuel cell 110 stops charging the secondary battery 120
to provide more current to the aircraft 10.

[0037] Inanembodiment,the step of stopping charging
the secondary battery 120 can be completed by the con-
troller 140. For example, the controller 140 (illustrated in
FIG. 1A) is configured to: (1) determine whether the cur-
rent direction of the second switch R2 moves towards Va
from Vb (the discharging direction of the secondary bat-
tery); (2) if yes, control the first switch R1 and the second
switch R2 to be concurrently non-conductive to stop
charging the secondary battery 120.

[0038] Referto the upward arrow of the no power sup-
ply provided by the secondary battery stage O,6 as indi-
cated in FIG. 2F. When the power requirement of the
aircraft 10 decreases again (for example, when the air-
craft 10 stably hovers in the air again or is landing), the
current provided to the aircraft 10 by the fuel cell 110
decreases and causes the first output end voltage Va of
the fuel cell 110 to rise.

[0039] As disclosed above, when the first output end
voltage Va of the fuel cell 110 is substantially equivalent
to or higher than the output voltage set value Vg4, the
secondary battery 120 does not provide the current to
the aircraft 10 to avoid the power of the secondary battery
120 being consumed and reduce the energy loss which
would other occur when the current flows through the
first transformer 130. The secondary battery 120 pro-
vides power to the aircraft 10 only when the output power
of the fuel cell 110 cannot match the power requirement
of the aircraft 10. For example, when the first output end
voltage Va of the fuel cell 110 is lower than the output
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voltage set value Vg4, the secondary battery 120 pro-
vides the second output current |, to the aircraft 10 to
replenish the power of the aircraft 10. The first outputend
voltage Va of the fuel cell 110 also varies with the power
requirement of the aircraft 10. When the first output end
voltage Va of the fuel cell 110 rises to be substantially
equivalent to the second output end voltage Vb of the
secondary battery 120, the fuel cell 110 charges the sec-
ondary battery 120 until the SOC of the secondary battery
120 reaches a pre-set capacity (for example, more than
90% of the full capacity of the secondary battery 120, but
the preset embodiment is not limited thereto). Or, the fuel
cell 110 stops charging the secondary battery 120 when
the power requirement of the aircraft 10 instantly increas-
es and causes the first output end voltage Va of the fuel
cell 110 to drop.

[0040] RefertoFIG. 3Aand 3B.FIG. 3Ais a schematic
diagram of a flying tool 2 according to another embodi-
ment ofthe present disclosure. FIG. 3B is a characteristic
curve chart of the fuel cell 110 of FIG. 3A. The flying tool
2 includes a power supply device 200 and the aircraft 10.
The power supply device 200 is disposed on the aircraft
10 to provide a power to the aircraft 10.

[0041] AsindicatedinFIG.3A, the powersupplydevice
200 includes a fuel cell 110, a diode 115, a secondary
battery 120, a first transformer 130 and a second trans-
former 230. The first transformer 130 is coupled between
the aircraft 10 and the output end 120a of the secondary
battery 120. The second transformer 230 is coupled be-
tween the output end 110a of the fuel cell 110 and the
output end 120a of the secondary battery 120. The air-
craft 10 is coupled to the output end 110a of the fuel cell
110 and the output end 130a of the first transformer 130
to receive power supply from the fuel cell 110 and the
first transformer 130.

[0042] In the preset embodiment, the second trans-
former 230 has an input voltage set value Vg,. When the
first output end voltage Va of the fuel cell 110 is lower
than the output voltage set value Vg4 of the first trans-
former 130, the second output current I, of the secondary
battery 120 provides power to the aircraft 10 through the
first transformer 130. When the first output end voltage
Va of the fuel cell 110 is equivalent to or higher than the
input voltage set value Vg, of the second transformer
230, the fuel cell 110 charges the secondary battery 120.
Inan embodiment, the input voltage set value Vg, is high-
er than the output voltage set value Vg;.

[0043] Inthepresetembodiment,the operating voltage
of the secondary battery 120 is higher than the operating
voltage of the fuel cell 110. Therefore, the second trans-
former 230 can be realized by a booster, which boosts
the first output end voltage Va of the fuel cell 110 to
charge the secondary battery 120. The first transformer
130 can be realized by astep-down(Buck) converter,
which steps-down the second output end voltage Vb of
the secondary battery 120 to match the output voltage
set value Vg, of the first transformer 130. In an embod-
iment, the second transformer 230 can be realized by a
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direct current to direct current (DC/DC) transformer.
[0044] In the preset embodiment, the output voltage
set value Vg4 of the fuel cell 110 (that is, the operating
voltage lower limit) is substantially equivalent to or lower
than the operating voltage lower limit of the secondary
battery 120, and the operating voltage of the secondary
battery 120 upper limit is higher than the operating volt-
age upper limit of the fuel cell 110. For example, the fuel
cell 110 can be formed by several fuel cell units connect-
ed in series, wherein the operating voltage of each fuel
cell unit ranges between 0.625V and 0.65V. Let the fuel
cell 110 be formed of 72 fuel cell units connected in series.
The fuel cell 110 can provide an operating voltage rang-
ing between 45V (the output voltage set value Vg4) and
46.8V (the operating voltage upper limit). The secondary
battery 120 can be formed by several secondary battery
units connected in series, wherein the operating voltage
of each secondary battery unit ranges between 3.2V and
4.15V. Let the secondary battery 120 be formed of 14
secondary battery units connected in series. The sec-
ondary battery 120 can provide an operating voltage
ranging between 44.8V (the operating voltage lower limit)
and 58.1V (such as the operating voltage upper limit).
[0045] Inthe preset embodiment, the determination of
the output voltage set value Vg of the first transformer
130 is similar to that of the output voltage set value Vg
disclosed in above embodiment, and the similarities are
not repeated here. The determination of the input voltage
set value Vg, of the second transformer 230 is disclosed
below.

[0046] As indicated in FIG. 3B, the input voltage set
value Vg, is a point at the voltage curve of the charac-
teristic curve chart. The input voltage set value Vg, is a
voltage value corresponding to the range AP between
the maximum power value P, of the fuel cell 110 of
characteristic curve and the average required power val-
ue P,, of the aircraft 10, and the input voltage set value
Vg, is greater than the output voltage set value Vgy.
When the first output end voltage Va of the fuel cell 110
ranges between the output voltage set value Vg, and the
input voltage set value Vg,, the power requirement of the
aircraft 10 is provided by the fuel cell 110 only, and no
power is provided to the aircraft 10 from the secondary
battery 120. When the first output end voltage Va of the
fuel cell 110 rises to the input voltage set value Vg, this
indicates that the fuel cell 110 charges the secondary
battery 120 only when the power requirement of the air-
craft 10 (the load) decreases. When the first output end
voltage Va of the fuel cell 110 drops to the output voltage
set value Vg4, this indicates that the secondary battery
120 provides power to the aircraft 10 to replenish the
power deficiency of the fuel cell 110 only when the power
supply of the fuel cell 110 is less than the power require-
ment of the aircraft 10.

[0047] RefertoFIG.4A and4B.FIG. 4Ais aschematic
diagram of a flying tool 3 according to another embodi-
ment of the present disclosure. FIG. 4B is a schematic
diagram of the setting mode of the output voltage set
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value Vg, of the first transformer 130 and the input volt-
age set value Vg, of the second transformer 230 of FIG.
4A. The flying tool 3 includes a power supply device 300
and an aircraft 10. The power supply device 300 is dis-
posed on the aircraft 10 to provide a power to the aircraft
10.

[0048] AsindicatedinFIG.4A,the powersupplydevice
300 includes a fuel cell 110, a diode 115, a secondary
battery 120, afirst transformer 130, a second transformer
230 and a controller 340. The first transformer 130 is
coupled between the aircraft 10 and the output end 120a
of the secondary battery 120. The second transformer
230 is coupled between the output end 110a of the fuel
cell 110 and the outputend 120a of the secondary battery
120. The aircraft 10 is coupled to the output end 110a of
the fuel cell 110 and the output end 130a of the first trans-
former 130 to receive power supply from the fuel cell 110
and the first transformer 130. The controller 340 is elec-
trically coupled to the secondary battery 120, the first
transformer 130 and the second transformer 230. In the
preset embodiment, the controller 340 changes the out-
put voltage set value Vg4 and the input voltage set value
Vg, according to the SOC of the secondary battery 120.
[0049] As indicated in FIG. 4B, the second pre-set ca-
pacity P2 is higher than the first pre-set capacity P1.
When the SOC of the secondary battery 120 is lower
than the first pre-set capacity P1, this indicates that the
secondary battery 120 is has a low SOC. To reduce the
power consumption occurrence rate of the secondary
battery, the controller 340 decreases the output voltage
set value Vg, to reduce the chance at which the second-
ary battery 120 provides power to the aircraft 10. That is,
the probability or time period of the secondary battery
120 providing power to the aircraft 10 is reduced, and
the lifespan of the secondary battery 120 is prolonged.
Moreover, the controller 340 can decrease the output
voltage set value Vg4 to increase the chance at which
the fuel cell 110 provides power to the aircraft 10. That
is, the probability or time period of the fuel cell 110 pro-
viding power to the aircraft 10 increases and causes the
fuel cell 110 to output more power to the aircraft 10 to
make up the reduced amount of power supply provided
to the aircraft 10 by the secondary battery 120. When the
SOC of the secondary battery 120 is higher than the sec-
ond pre-set capacity P2, this indicates that the secondary
battery 120 has a sufficient or high SOC. Therefore, the
controller 340 can increase the input voltage set value
Vg, and reduce the chance at which the fuel cell 110
charges the secondary battery 120, thatis, the probability
or time period of the fuel cell 110 charging the secondary
battery 120 is reduced, and the probability or time period
of the fuel cell 110 operating with higher efficiency (high
output voltage) at a range is increased.

[0050] In an embodiment, when the SOC of the sec-
ondary battery 120 is equivalent to the second pre-set
capacity P2, the input voltage set value Vg, can be 46.8V;
when the SOC of the secondary battery 120 is 100%, the
input voltage set value Vg, can be 47.8V; the change
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between 46.8V and 47.8V can be linear. Furthermore,
the SOC of the secondary battery 120 ranges between
0% and the second pre-set capacity P2, and the input
voltage set value Vg, can remain as a constant.

[0051] In an embodiment, when the SOC of the sec-
ondary battery 120 is equivalent to the first pre-set ca-
pacity P1, the output voltage set value Vg4 can be 45V,
when the SOC of the secondary battery 120 is 0%, the
output voltage set value Vg4 can be 44V; the change
between 45V and 44V can be linear. Moreover, the SOC
of the secondary battery 120 ranges between the first
preset capacity P1 and 100%, the output voltage set val-
ue Vgq can remain as a constant.

[0052] Referring to FIG. 4C, another schematic dia-
gram of the setting mode of the output voltage set value
Vg of the first transformer 130 and the input voltage set
value Vg, of the second transformer 230 of FIG. 4A is
shown. It should be noted that in the setting mode of FIG.
4C, the SOC of the secondary battery 120 ranges be-
tween the second pre-set capacity P2 and 100%, and
the output voltage set value Vg, rises as the SOC in-
creases. In other words, when the SOC of the secondary
battery 120 is substantially equivalent to or higher than
the second pre-set capacity P2, the SOC of the second-
ary battery 120 is sufficient, and the first transformer 130
can increase the chance at which the secondary battery
120 provides power to the aircraft 10. That is, the prob-
ability or time period of the secondary battery 120 pro-
viding power to the aircraft 10 is increased. Moreover,
since the higher the SOC of the secondary battery 120,
the larger the output voltage set value Vg4, and the
chance of the secondary battery 120 providing power to
the aircraft 10 increases as the SOC of the secondary
battery 120 increases.

[0053] It should be noted that in the setting mode of
FIG. 4C, when the SOC of the secondary battery 120
ranges between 0% and the first pre-set capacity P1, the
input voltage set value Vg, drops as the SOC decreases.
In other words, when the SOC of the secondary battery
120 is substantially equivalent to or lower than the first
pre-setcapacity P1, this indicates that the secondary bat-
tery 120 is has a low SOC. Therefore, the controller 340
can decrease the input voltage set value Vg, and in-
crease the chance at which the fuel cell 110 charges the
secondary battery 120. That is, the probability or time of
the fuel cell 110 charging the secondary battery 120 is
increased. Moreover, since the lower the SOC of the sec-
ondary battery 120, the smallerthe inputvoltage setvalue
Vg, and the chance of the fuel cell 110 charging the
secondary battery 120 increases as the SOC of the sec-
ondary battery 120 decreases.

[0054] In an embodiment, the first pre-set capacity P1
can be 30%, and the second pre-set capacity P2 can be
70%, but the present disclosure is not limited thereto.
Due to the features of the secondary battery 120, the
lifespan of the secondary battery 120 will be reduced
when the SOC of the secondary battery 120 is too high
or too low. Since the SOC of the secondary battery 120
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can be controlled to a suitable range (such as between
the first pre-set capacity P1 and the second pre-set ca-
pacity P2) according to the above arrangement of the
present disclosure, the lifespan of the secondary battery
120 can be prolonged.

[0055] Whilethe disclosure has been described by way
of example and in terms of the preferred embodiment (s),
it is to be understood that the disclosure is not limited
thereto. On the contrary, it is intended to cover various
modifications and similar arrangements and procedures,
and the scope of the appended claims therefore should
be accorded the broadest interpretation so as to encom-
pass all such modifications and similar arrangements and
procedures.

Claims

1. A power supply device (100, 200, 300), character-
ized in that the power supply device (100, 200, 300)
is disposed on an aircraft (10) to provide a power to
the aircraft (10), wherein the aircraft has an average
required power value (P,,), and the power supply
device (100, 200, 300) comprises:

a secondary battery (120);

a first transformer (130) coupled between the
secondary battery (120) and the aircraft (10);
and

a fuel cell (110) coupled to the aircraft (10) and
adapted to provide a first output current (I4) to
the aircraft (10);

wherein the first transformer (130) has an output
voltage set value (Vg¢), and provides a second
output current (I,) of the secondary battery (120)
to the aircraft (10) when the first output end volt-
age (Va) of the fuel cell (110) is lower than the
output voltage set value (Vg4);

wherein the output voltage set value (Vg4) is in
a voltage range with a fuel cell output power be-
tween the maximum power value (P,,5,) of char-
acteristic curve of the fuel cell (110) and the av-
erage required power value (P,,) of the aircraft
(10).

2. The power supply device (100, 200, 300) according
to claim 1, characterized in that when the aircraft
(10) is in a start-up stage, the fuel cell (110) does
not provide current to the aircraft (10) but the sec-
ondary battery (120) provides the second output cur-
rent (I,) to the aircraft (10).

3. The power supply device (100, 200, 300) according
to claim 1, characterized in that when the first out-
put end voltage (Va) provided by the fuel cell (110)
is not lower than the output voltage set (Vg4) value,
the secondary battery (120) does not provide the cur-
rent to the aircraft (10).
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4.

The power supply device (100, 200, 300) according
to claim 1, characterized in that when the first out-
put end voltage (Va) at an output end of the fuel cell
(110) is higher than a second output end voltage (\VVb)
at an output end of the secondary battery (120), the
fuel cell (110) charges the secondary battery (120).

The power supply device (100, 200, 300) according
to claim 4, characterized in that the power supply
device (100, 200, 300) further comprises:

a switch (R1, R2) coupled between the output
end of the secondary battery (120) and the out-
put end of the fuel cell (110);

wherein when the first output end voltage (Va)
is equivalent to or higher than the second output
end voltage (Vb), the switch (R1, R2) is conduc-
tive and causes the fuel cell (110) charges the
secondary battery (120).

The power supply device (100, 200, 300) according
to claim 5, characterized in that when the SOC of
the secondary battery (120) reaches a pre-set ca-
pacity, the switch (R1, R2) is non-conductive and
causes the fuel cell (110) to stop charging the sec-
ondary battery (120).

The power supply device (100, 200, 300) according
to claim 1, characterized in that when the first out-
putend voltage (Va) ofthe fuel cell (110) is equivalent
to or lower than the output voltage set value (Vg1),
the secondary battery (120) provides the second out-
put current (l,); meanwhile, the fuel cell (110) pro-
vides the first output current (I4) to the aircraft (10).

The power supply device (100, 200, 300) according
to claim 1, characterized in that the power supply
device (100, 200, 300) further comprises:

a second transformer (230) coupled between
the fuel cell (110) and the secondary battery
(120), wherein the second transformer (230) has
an input voltage set value (Vg,) higher than the
output voltage set value (Vg) of the first trans-
former;

wherein when the first output end voltage (Va)
of the fuel cell (110) is equivalent to or higher
than the input voltage set value (Vg,), the fuel
cell (110) charges the secondary battery (120).

The power supply device (100, 200, 300) according
to claim 8, characterized in that when the SOC of
the secondary battery (120) is lower than a first pre-
set capacity (P1), the output voltage set value (Vg)
of the first transformer (130) decreases; when the
SOC of the secondary battery (120) is higher than a
second pre-set capacity (P2), the input voltage set
value (Vg,) of the second transformer (230) increas-
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es; the second pre-set capacity (P2) is higher than
the first preset capacity (P1).

Aflying tool (1, 2, 3), characterized in that the flying
tool (1, 2, 3) comprising:

an aircraft (10); and

apower supply device (100, 200, 300) according
claim 1 disposed on the aircraft (10) to provide
a power to the aircraft (10).

A power supply method of a power supply device
(100, 200, 300), characterized in that the power
supply device (100, 200, 300) as claimed in any one
of claims 1 to 9, is disposed on an aircraft (10); the
power supply method comprises:

providing a first output current (1) to the aircraft
(10) by the fuel cell (110); and

providing a second output current (l,) of the sec-
ondary battery (120) to the aircraft (10) by the
first transformer (130) when the first output end
voltage (Va) of the fuel cell (110) is lower than
the output voltage set value (Vg4);

wherein the output voltage set value (Vg4) is in
a voltage range with a fuel cell output power be-
tween the maximum power value (P ,,,) of char-
acteristic curve of the fuel cell (110) and the av-
erage required power value (P,,) of the aircraft
(10).
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